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PATIENTS with acute myocardial infarction (AMI), with rare exception, have severe narrowing by atherosclerotic plaques of at least one and usually two or more of the four major epicardial coronary arteries.'-" Little information is available on the amount of coronary narrowing in patients who have anterior compared with those who have posterior ("inferior"') wall left ventricular infarcts. Little information is also available on the amount of narrowing by atherosclerotic plaques in the four major coronary arteries in patients with either anterior or posterior left ventricular infarcts.7 AMI of the anterior left ventricular wall is believed by many to indicate a severe "lesion" in the left anterior descending coronary artery and ab-sent or lesser degrees of narrowing of the dominant posterior coronary artery. Similarly, a posterior AMI is generally considered to indicate a severe "lesion" in the right or left circumflex coronary arteries and absent or lesser degrees of narrowing of the left anterior descending coronary artery.8 We examined both qualitatively and quantitatively at necropsy each of the four major epicardial coronary arteries in 50 patients who died during their first transmural AMI.
Patients and Methods
At the Pathology Branch, National Heart, Lung, and Blood Institute, 209 patients with transmural AMI unassociated with valvular heart disease, congenital cardiovascular anomalies, coronary emboli, major systemic disease or aortocoronary bypass operation have been studied. One hundred forty-nine patients were excluded from this analysis because the four major epicardial coronary arteries were unavailable for detailed histologic examination or because one or more grossly visible left ventricular free wall scars were present. Ten patients were excluded because the transmural AMI involved both anterior and posterior left ventricular free walls equally or was limited to the lateral or septal walls of the left ventricle. The remaining 50 patients form the basis of this study. In all 50 patients, the fatal AMI was the patient's first; none had grossly visible subendocardial (inner half) or transmural left ventricular free wall scars at necropsy.
The transmural AMI involved the anterior wall in 22 patients and the posterior wall in 28 patients, with or without involvement of the adjacent lateral wall or ventricular septum ( fig. 1 ). In many patients, the AMI involved only the anterior or posterior wall in the basal portion of left ventricle but was circumferential, or nearly so, in the apical portion of left ventricle. The designation of "anterior" or "posterior" location of the AMI in these circumstances was determined by which wall was involved in the basal half of the ventricle.
Cardiac findings in the 50 patients are summarized in tables 1 and 2. Thirty-four men and 16 women, ages 33-82 years (mean 63 years), were studied. The interval from onset of symptoms compatible with AMI to death ranged from 24 hours to 42 days (mean 6 days): in two patients the interval was greater than 21 days; in five patients, 15-21 days; and in 43 patients, 14 days or less. No significant differences in age, sex or interval from onset of AMI to death were present between the 22 patients with anterior and the 28 patients with posterior wall AMI.
The four major coronary arteriesright, left main, left anterior descending and left circumflexwere examined. Each was excised intact, fixed, x-rayed, decalcified (if necessary) and cut transversely to its longitudinal axis into approximately 5-mm segments. Each segment was labeled sequentially from either its aortic ostium or from its origin from the left main. The 5-mm segments were labeled, dehydrated with alcohol and xylene, embedded in paraffin, and two histologic sections were cut and stained from each paraffin block. The Movat stain was used on one histologic section and all determinations of luminal narrowing were based on examination of the Movatstained sections. The degree of narrowing by atherosclerotic plaque alone was determined by histologic examination of each cross-section magnified 25-50 times. The judgment regarding the degree of luminal narrowing of each 5-mm segment was based on the degree of luminal obliteration within the luminal circle bordered by the internal elastic membrane. The circle was visually subdivided into four equal-sized quadrants, and cross-sectional area luminal narrowing in each 5-mm segment was categorized as follows: 0-25%, 26-50%, 51-75% and 76-100%. The latter category of narrowing was subdivided into 76-95% and 96-100% to determine the number of segments totally occluded or nearly so. For recording purposes, the "dominant posterior coronary artery" was considered the artery that coursed to the crux of the heart and gave origin to the artery to the atrioventricular node and to one or more posterior descending coronary arteries. In 45 patients, the right coronary artery was the dominant posterior and in five patients, the left circumflex was the dominant posterior. The nondominant posterior coronary artery (the "other posterior artery") was the left circumflex in 45 patients and the right circumflex in five patients. Narrowing of 5-mm segments of four coronary arteries Totals 47(5) [1] 59(17) [1] 56(16) [1] 54 ( 57(9) [1] 50 (2) [0] 57(16) [1] 38(5) [1] 33 (5) (11) [2] (29) [2] (29) [2] (61) [6] ( (7)[0] 23(6) [1] 25 (2)[0] 21(7) [1] 13 (2)[0] 11(4)[0] 12(5) [1] 17 (9)[0] 17(6) [1] 16 (5) No. OP 11(1) [1] 15(5) [1] 14(5) [1] 20(10) [1] 14(8) [0] 15(6) [1] 25(0) [0] 9(1) [0] 12(0) [0] 17 (2) [1] 6(0) [0] 15(7) [2] 19 (1) Numbers in parentheses represent number of segments narrowed > 75%; numbers in brackets represent number of segments narrowed > 95%. *Dominant posterior artery was the left circumflex. tIn addition, the left main was narrowed > 75%. Thus, seven of the 22 patients had severe narrowing of all four major coronary arteries (see text).
Abbreviations: AP = atherosclerotic plaques; CA = coronary artery; DP = dominant posterior; LAD = left anterior descending; Lat = lateral wall; OP = other posterior coronary artery; VS = ventricular septum; + = present; 0 = absent.
ing of the left main coronary artery was included in the tabulations of both the left anterior descending and the left circumflex (whether dominant posterior or other posterior) coronary arteries of all 50 patients (table 3) . Because the left main coronary artery was usually only 1 cm long, an average of only two 5-mm segments was added to the total numbers of segments examined in each of the 50 patients.
In 45 of the 50 patients, the infarcts involved portions of the lateral wall or ventricular septum or both in addition to the anterior or posterior left ventricular free walls ( fig. 1 ). In 21 of the 22 patients with anterior infarcts who had involvement of other left ventricular quadrants, portions of the lateral wall were infarcted in nine patients and portions of the ventricular septum were infarcted in 20 patients (table 1). In addition, portions of the posterior wall in the apical halves of the left ventricle were infarcted in nine of the 22 patients with predominantly anterior wall infarcts. Division of the left ventricular wall into four quadrants ( fig. 1 ) in the 22 patients with anterior wall infarcts disclosed that six had necrosis in all four quadrants, six in three, nine in two and one in one. In 24 of the 28 patients with posterior infarcts who had involvement of other quadrants, portions of the lateral wall also were infarcted in 10 patients and portions of the ventricular septum in 17 patients (table 2). In addition, portions of the anterior wall in the apical halves of the left ventricle were infarcted in three of these 28 patients. Division of the left ventricle into four quadrants in the 28 patients with posterior infarcts disclosed that one had some necrosis in all four quadrants, four in three, 19 in two, and four in one quadrant.
The sizes of the left ventricular infarcts in 27 of the 50 patients were quantitated by determining the per- [2] 54 (22)[3] 47(19) [1] 39 (7) [0] 78(27) [1] 37 (19)[6] 67(17) [1] 41(18) [2] 53 (22) [2] 37 (23)[0] 56(37) [1] 42 (10) [2] (18) [0] (35) [1] (51) [16] (25) [1] (44) [5] (42) [4] (62)[0] (66) [2] (25) [2] (30) [ (57) [11] Location of CA thrombus
Numbers in parentheses represent number of segments narrowed > 75%; numbers in brackets represent number of segments narrowed > 95%.
*Dominant posterior artery was the left circumflex.
tIn addition, the left main was narrowed > 75%. Thus, three of the 28 patients had severe narrowing of all four major coronary arteries.
Abbreviations: LC = left circumflex; R = right coronary artery. Other abbreviations as in table 1. centage of grossly visible necrotic myocardium in each of the five or six transverse slices (each about 1 cm thick) of the left ventricle by a videoplanimetry system described elsewhere.9 The sum of the area of necrosis in all ventricular slices ( fig. 1 ) divided by the sum of the total left ventricular myocardial area in all slices provided the percentage of necrotic myocardium in each patient. The percentage of necrotic left ventricular wall was 18-69% (mean 33%) in the 12 patients with anterior infarcts and 19-49% (mean 27%) in the 15 patients with posterior infarcts (NS). The data were analyzed using the t test for paired and unpaired data. A difference between groups was considered statistically significant when p < 0.05.
Results
Of the 88 major epicardial coronary arteries in the 22 patients with anterior wall AMI, 65 (74%) were narrowed 76-100% in cross-sectional area at some point by atherosclerotic plaques alone (average 3.0 arteries/patient). Of the 112 major epicardial coronary arteries in the 28 patients with posterior wall AMI, 84 (75%) were narrowed 76-100% (average 3.0 arteries/patient) ( coronary arteries narrowed 76-100% in cross-sectional area by atherosclerotic plaques was qualitatively similar in the patients with anterior and posterior AMI.
The number of arteries per patient that were narrowed 76-100% by atherosclerotic plaques is given in table 4. Narrowing of more than 75% in individual coronary arteries is given in table 3.
The results of the quantitative analysis of the 5-mm coronary segments from each of the four major coronary arteries in the 50 patients are summarized in figures 2 and 3. The numbers and percentages of coronary segments severely narrowed for individual patients are given in tables 1 and 2. Of the 2586 5-mm coronary segments examined histologically in the 50 patients, 1 166 segments were from the 22 patients with anterior AMI and 1420 were from the 28 patients with posterior AMI. Two hundred seventy-three segments (23%) were narrowed 76-100% in the anterior AMI group; 17 of these segments ( tThe left main coronary artery was severely narrowed (> 75%) in one of these 10 patients. Thus, 10 patients, seven with anterior and three with posterior AMI, had severe narrowing of the left main artery.
Abbreviations: AMI = acute myocardial infarction; XSA = cross-sectional area. 96-100%. In the posterior AMI group, 559 segments (39%) were narrowed 76-100% (p < 0.001); 45 of these segments (3.2%) were narrowed 96-100%. Five hundred forty-one segments (47%) were narrowed 51-75% in the anterior AMI group and 612 (43%) in the posterior AMI group (NS). Two hundred ninety-seven segments (25%) in the anterior AMI group and 212 segments (15%) in the posterior AMI group were narrowed 26-50% (p < 0.02). Fifty-five segments (5%) in the anterior AMI group and 41 segments (3%) in the posterior AMI group were narrowed 0-25% (NS) (fig. 2) .
The mean percentages of segments narrowed 76-100% in the four major coronary arteries in the two groups are shown in figure 3 . A larger percentage of 5-mm segments of major coronary arteries were narrowed 76-100% in the posterior AMI group than in the anterior AMI group (p < 0.001). The frequency of severe (76-100%) narrowing of the left anterior descending, the dominant posterior and the other posterior coronary arteries was significantly (p < 0.05, < 0.005, and < 0.01, respectively) greater in the patients with posterior AMI than in those with anterior AMI.
Among the 22 patients with anterior AMI, the mean percentage of severely narrowed segments of the left anterior descending coronary artery was significantly (p < 0.05) greater than the mean percentage of segments of either the dominant posterior or other posterior artery so narrowed. No significant differences in the mean percentages of severely narrowed 5mm segments of left anterior descending, dominant posterior and other posterior coronary arteries were found in the 28 patients with posterior AMI.
The percentage of 5-mm segments narrowed 76-100% in each of the major coronary arteries in each of the 50 patients is shown in tables 1 and 2. Among the 22 patients with anterior AMI, 4-61% (mean 24%) of the 5-mm coronary segments were narrowed 76-100%, of which 0-6% (mean 1.6%) of the segments were narrowed 96-100% in cross-sectional area by atherosclerotic plaque. Among the 28 patients with posterior AMI, 18-71% (mean 40%) of the 5-mm segments were narrowed 76-100%, of which 0-16% (mean 3.5%) were narrowed 96-100%.
Discussion
The purposes of this study were to determine the degree and extent of narrowing in each of the four major epicardial coronary arteries in patients with their first anterior AMI compared with those in patients with their first posterior wall AMI, and to determine whether the left anterior descending coronary artery was more narrowed in anterior AMI, and whether the dominant posterior coronary artery was more narrowed in posterior AMI. Attempts to answer the first question by determining the number of major (right, left main, left anterior descending and left circumflex) epicardial coronary arteries that were severely (76-100% in cross-sectional area) narrowed by atherosclerotic plaque showed no differences between the two groups. Sixty-five of the 88 major coronary arteries (74%) in the 22 patients with anterior AMI were narrowed 76-100% and 84 of the 112 arteries (75%) in the 28 patients with posterior AMI were similarly narrowed (table 3) .
One qualitative difference between the two AMI groups was the frequency of severe narrowing of the left main coronary artery. Seven of the 22 anterior AMI patients (32%) and three of the 28 posterior AMI patients (11%) (p = 0.06) had severe narrowing of the left main coronary artery.
The quantitative analysis showed distinct differences between the two AMI groups. The 28 patients with posterior AMI had significantly more extensive narrowing of the major coronary arteries by this approach than did the 22 patients with anterior AMI. Of the 1166 5-mm segments in the 22 anterior AMI patients, 273 (23%) were narrowed 76-100% by atherosclerotic plaques, and of the 1420 5-mm coronary segments in 28 patients with posterior AMI, 555 (39%) were similarly narrowed (p < 0.001). However, the extent of the coronary narrowing varied greatly among the individual patients in each group (tables 1 and 2). Among the 22 patients with anterior AMI, 4-61% of the 5-mm coronary segments were narrowed 76-100%; among the 28 patients with posterior AMI, 18-71% of the segments were narrowed 76-100%. Although the patients with posterior AMI had more extensive, severe coronary narrowing than did the patients with anterior AMI, the atherosclerotic plaques in both groups were extensive. Among the patients with anterior AMI, only 5% (55 of 1166) of Z£10.101 X the segments were narrowed 25% or less and among the posterior AMI patients, only 3% (41 of 1420) of the segments were narrowed 25% or less. No segment in either group was normal.
Comparison of the percentages of 5-mm segments narrowed 76-100% showed that all three major coronary arteries were more narrowed in the posterior AMI patients than in the anterior AMI patients ( fig.  3) . Also, the narrowing of the left anterior descending coronary artery was more severe in the 28 patients with posterior AMI than in the 22 patients with anterior AMI.
Some physicians believe that patients with anterior wall AMI have severe narrowing of the left anterior descending coronary artery with less severe narrowing of the dominant posterior coronary artery and that patients with posterior wall AMI have severe narrowing of the right or left circumflex coronary artery (or both) with less narrowing of the left anterior descending coronary artery. Our data do not support this belief. In all 22 patients with anterior AMI, the left anterior descending artery was narrowed 76-100% by atherosclerotic plaques, but in 20 of these patients, the dominant posterior coronary artery, which was the right coronary artery in 86%, was also severely narrowed. In all 28 patients with posterior AMI, both the dominant posterior (right in 93%) and the left anterior descending coronary arteries were narrowed 76-100%. However, the mean percentage of segments of the left anterior descending coronary artery narrowed 76-100% was significantly greater than that of either the dominant posterior or other posterior coronary artery in the 22 patients with anterior AMI (30% vs 21%, p < 0.05). Among the 28 patients with posterior AMI, however, the percentages of segments narrowed 76-100% did not differ between the left anterior descending, dominant posterior (right in 93%) and other posterior (left circumflex in 93%) coronary arteries.
Although the left anterior descending coronary artery was more extensively narrowed than the dominant or other posterior coronary artery in the anterior AMI group, 10 of these 22 patients had more extensive, severe narrowing in one or both posterior coronary arteries (dominant or other) than in the left anterior descending coronary artery. Although no significant differences in the percentage of coronary segments severely narrowed was noted between one or both posterior supplying coronary arteries and the left anterior descending coronary artery in the 28 posterior AMI patients as a group, in nine of these 28 patients, the percentage of severely narrowed 5-mm segments of the left anterior descending coronary artery was greater than that of either posterior coronary artery.
In this study, we determined that the location of a fatal first transmural AMI in a patient with extensive coronary atherosclerosis does not necessarily indicate which of the major coronary systems is most narrowed by atherosclerotic plaque. We do not know whether this finding is applicable to patients who survive AMI. This finding, however, clearly does not apply to an AMI caused by an embolus"' or ligation of a previously normal coronary artery."1 12 In this situation, the resulting AMI corresponds to the artery suddenly occluded. Further, thrombi superimposed on coronary atherosclerotic plaques are nearly always located in the coronary artery that supplies the necrotic area. Thirty of our 50 patients (60%) had a coronary thrombus, and in 28, the thrombus was located in the artery subtending the area of infarction. Coronary artery thrombi occurred in 14 of the 22 patients (64%) with anterior wall AMI and in 16 of the 28 patients (57%) with posterior wall AMI (NS). There was a similar percentage of 5-mm segments of coronary artery narrowed 76-100% by atherosclerotic plaque in the 30 patients with and in the 20 patients without coronary thrombi. Also, the frequency of hemorrhages into coronary atherosclerotic plaques was similar in both anterior and posterior AMI patients. In none of the coronary segments did a hemorrhage into a plaque appear to narrow the lumen of a coronary artery.
In conclusion, among necropsy patients with fatal first AMI, most have severe and extensive narrowing of at least three major coronary arteries, irrespective of whether the infarct involves the anterior or the posterior left ventricular wall. Patients with anterior AMI, however, have a greater likelihood of having more than 75% narrowing of the left main coronary artery than patients with posterior AMI, whereas patients with posterior AMI have more extensive, severe narrowing of the right, left anterior descending and left circumflex coronary arteries. The individual variation in severe coronary narrowing is great among patients in both groups; therefore, our findings are not necessarily applicable to the individual patient but are applicable to groups of patients who had a fatal first AMI. Our observations do not explain why some patients with severe coronary atherosclerosis have anterior wall AMI and others have posterior wall AMI, nor why a thrombus occurs in one coronary artery and not in another, similarly narrowed coronary artery. SUMMARY A deficiency or an excessive intake of metals with cardiovascular effects is suspected to be involved in the pathogenesis of coronary heart disease (CHD) and sudden death. Therefore, In 106 patients undergoing coronary arteriography, serum levels of six essential metals (magnesium, chromium, copper, manganese, selenium and zinc) and whole blood concentrations of two elements without known esetial function (cadmium and lead) were measured using atomic absorption spectrophotometry, including the flameless technique, or neutron activation analysis.
The patients were clasifed into three groups according to severity of CHD as assessed by coronary angiography: those without coronary lesions (n = 31) and those with moderate (n = 34) or severe CHD (n = 41). Patients with severe CHD had lower mean serum magnesium and higher serum copper and manganese levels than those without CHD (magnesium, 1.63 ± 0.16 [SD] VS 1.78 ± 0.16 mEq/l,p < 0.005; copper, 1.39 ± 0.22 vs 1.24 ± 0.24 mg/I, p < 0.05; manganese, 1.30 ± 0.43 vs 1.05 ± 0.40 ,ug/I, p < 0.05). In contrast, metal concentrations in patients with moderate CHD did not differ significantly from control values. There was no significant association between prevalence and severity of CHD and the other elements investigated. Analysis of associations between metal concentrations and clinical characteristics revealed markedly elevated blood cadmium levels in cigarette smokers compared with nonsmokers (2.49 + 1.72 [n = 28] vs 0.43 ± 0.22 Mg/1 [n = 181, p < 0.001). A correlation was noted between cadmium levels and the number of cigarettes smoked per day (r = 0.725, p < 0.001).
Our results suggest that a deficiency of magnesium but not of the other metals studied may be present in patients with severe CHD; elevated serum copper and manganese levels do not play a role in the development of CHD in the sample of patients studied; and cigarette smoking may be associated with increased serum cadmium levels, which may explain in part the contribution of smoking to the risk of sudden death in patients with CHD.
THE SIGNIFICANCE of elevated serum cholesterol levels, arterial hypertension, and cigarette smoking as risk factors for the development of coronary heart disease (CHD) has been well documented in numerous studies.'-6 An epidemiologic study by Keys et al. indicated that variables other than traditional risk factors may contribute to the risk of CHD among American men." Furthermore, there are regional differences in the death rate caused by CHD that are not fully understood.7-'2 In the search for other causes of CHD, attention is being focused on metal and trace element imbalance.'_12 Deficiency states of several essential metals owing to low dietary intake or failure of homeostatic control mechanisms have been suggested as causes of CHD and/or sudden death.'2-'7 It has also been assumed that an excessive intake of various elements such as copper and cadmium may contribute to regional differences in cardiovascular mortality.8"-2 However, 6. 7.
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